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The epidermis serves as a barrier between terrestrial animals and
their environment. In order to form this barrier, the plasma
membrane of keratinocytes must be replaced with an insoluble
protein/lipid matrix known as the cornified envelope (CE). The major
protein component of the CE is loricrin, contributing >70% by mass.
Surprisingly, loricrin knockout (LKO) mice exhibit a delay in barrier
formation but recover by birth, revealing a compensatory mechanism
that is activated in utero to ensure survival. This compensatory
response involves transcriptional and translational upregulation of
epidermal differentiation genes that can functionally compensate for
the loss of loricrin. In our search for a sensor and regulator of this
compensatory response, we became interested in the transcription
factor, NF-E2 related factor 2 (Nrf2). Nrf2 and its negative regulator,
Keap1, have been shown to both sense and reduce oxidative stress
within a cell, and have recently been coupled to the stress-induced
activation of epidermal-specific structural genes. Thus, we hypothe-
sized that oxidative species circulating in amniotic fluid are able to
penetrate the immature barrier of LKO embryos to induce the
compensatory response via Nrf2 stabilization. To test this, we have
generated a transgenic mouse that drives expression of a dominant
negative form of Nrf2 (ΔNrf2) in the epidermis. As predicted, LKO/
ΔNrf2 mice were not able to form a functional barrier due to the
absence of the compensatory response and died shortly after birth.
Collectively, these data demonstrate the degree of redundancy that
has evolved to ensure proper epidermal development and has
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Disrupted integument structure or function impairs organisms'
health and survival. We are deploying an insertional mutagen, the
protein trap gene-break transposon (GBT), as a new tool for
investigating skin biology using the zebrafish (Danio rerio). GBTs
hijack endogenous transcripts to create a truncated mRFP-fusion
protein. We have collected 20+ GBT lines as the Zebrafish Integu-
ment Project (ZIP). These lines include known integument genes
fras1 (fras1R) and grip1 (grip1R), involved in Fraser Syndrome. The
fras1R allele creates a truncated fusion protein with the Fras1
extracellular domains. fras1R/R homozygotes phenocopy the blister
phenotypes of zebrafish fras1 ENU allele pinfin and mouse bleb
mutants. In addition to those known genes, we found a novel
epidermal mutant: wicked witch of the Midwest (wwm). By 30 hpf,
wwm homozygotes develop ventrolateral aggregates of enveloping
layer (EVL) cells and basal keratinocytes (BK). In wwm mutants, EVL
and BK cells fail to consistently maintain a squamous shape. EVL cells
in aggregates show numerous apical protrusions, as well as
disorganized cytoplasm. EVL cells no longer consistently form the
tight apical adherent structures characteristic of wild-type EVL cell–
cell junctions. Contact with underlying BKs is poorly maintained.
wwm mutants show defective barrier integrity, and undergo cell
death leading to embryonic lethality. The candidate wwm insertion is
near cdh1, suggesting a role for cdh1 in maintaining EVL structural
organization and contacts between the EVL and BKs. The ZIP
collection, including wwm, provides novel alleles to dissect the
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LIM-homeodomain genes Lhx1 and Lhx5 are required for the
differentiation of Purkinje cells (PC), one of the principal cerebellar
neurons which play a vital role in controlling motor coordination and
balance. Interestingly, high levels of Lhx1/5 expression persist even
after PC differentiation. Hence, there may be additional roles for these
two genes during postnatal PC development. To address this question,
an Lhx1/5 double conditional knockout (DKO) mutant was generated
and crossed with a PC-specific Pcp2-IRES-Cre mouse, thus inactivat-
ing the two genes beginning at postnatal day 2. The DKO mutants
show initially modest but noticeable ataxic locomotion at around two
weeks after birth. However at 8 weeks, the mutants displayed severe
deficits in motor coordination and body balance but not the control
animals with one functional copy of either gene. Although the general
cytoarchitectural lamination of cerebellar cortex was maintained,
thinner and less extensive PC dendrites were observed in the
mutants. Such defective dendritic arborization suggests a possible
underlying mechanism leading to the abnormal behavioral pheno-
types. Thus, Lhx1/5 are required and function redundantly in
postnatal development of PC. Further studies are underway to dissect
the molecular consequences of Lhx1/5 ablation in Purkinje cells.
doi:10.1016/j.ydbio.2011.05.587
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The mouse cerebellum (Cb) has a complex three-dimensional
(3D) organization contrasting with its relatively simple layered
cytoarchitecture. The Cb is divided along its antero-posterior axis
into folia, each separated by fissures; the pattern of foliation varies
along the medio-lateral axis defining a medial vermis and two lateral
hemispheres. Each folium has a distinct shape. We are asking how the
diversity of folia shapes is generated during Cb development. We
have focused on granule cell (gcs) since their proliferation is critical
for Cb foliation. By carrying out a genetic clonal analysis of gcs, our
preliminary results indicate that the base of each fissure acts as a
boundary restricting gc dispersion between folia. Thus, two adjacent
fissures could define a developmental compartment that in turn
facilitates differential regulation of cell behaviors in each folium.
Using genetic inducible fate mapping, we found that the kinetics of gc
production differ in subsets of folia. Furthermore, in a Cb foliation
mutant, the fissures form at different times and in a different order
compared to wild type mice, and the kinetics of gc production are
altered. These results suggest that the differential regulation of cell
behaviors in Cb compartments could account for the acquisition of
distinct regional foliation patterns in the Cb. In addition, in many Cb
foliation mutants, the definition of compartments and their respec-
tive kinetics of gc production is likely altered, leading to an overall
different 3D organization compared to wild type mice.
doi:10.1016/j.ydbio.2011.05.588
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We have performed an ENU mutagenesis screen in the mouse
specifically focusing on mutations affecting neurodevelopment and
have identified eight mutations. Here we summarize our findings and
discuss our current studies on two of these novel genes affecting
cortical development. The most remarkable phenotype uncovered to
date is the rudolphmutation, which has severe developmental defects
in both the CNS and appendicular skeleton. The organization of the
neocortex is profoundly disrupted and contains clustered cell bodies
that appear to be neurogenic foci. The causal gene is the cholesterol
biosynthesis enzyme Hsd17b7, which is notable given the recent
implication of a role for oxysterols in mediating intracellular
components of Hedgehog signaling. We see decreased induction of
known Sonic hedgehog (Shh) target genes both in vivo and in vitro,
revealing a requirement for embryonic cholesterol metabolism in both
CNSdevelopment andnormal Shh signaling.We also have discovered a
line we call brain dimple (brdp), which carries a mutation in beta
tubulin, 2b (Tubb2b). Thismutant has an extreme reduction in cerebral
cortex tissue andmutations in TUBB2B have recently been identified in
human patients with asymmetrical polymicrogyria. The brdp pheno-
type emerges after the onset ofmouse neurogenesis (E11.5) andwe are
currently studying the mechanism of Tubb2b function in the cortex.
Brdp/+ adult mice have a hyperactivity phenotype and we show they
have cortical hypocellularity and defects in cortical lamination.
doi:10.1016/j.ydbio.2011.05.589
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Brain vascular disease is a topic of intensive study. Understanding
the developmental biology of cranial vessel formation is important for
understanding both development of the central nervous system and
cerebrovascular pathologies such as stroke. The zebrafish has proven
itself a useful model for elucidating the molecular basis of human
disease. A detailed study of the vascular anatomy of the developing
zebrafish embryo has been prepared, revealing that the zebrafish has a
vascular formation plan that is well conserved compared to other
vertebrates, including humans. We are using the zebrafish to better
understand the mechanisms underlying cranial vascular development
by (i) carrying out a precise anatomical description of the formation
process, (ii) investigating the molecular mechanisms guiding vascular
patterning and assembly in the brain, and (iii) using genetic screens to
identify new genes important for brain vessel formation. We have
examined hindbrain vascular development using two-photon time-
lapse imaging of transgenic zebrafish expressing green fluorescent
protein (GFP) in vascular endothelial cells. We have found that one of
the most important brain arteries, the basilar artery, is formed by
sprouting of angioblasts from pre-existing primitive veins. Once the
sprouts coalesce at the midline, their connections to the primitive
veins are lost, making this a unique blend of vasculogenesis- and
angiogenesis-like vessel assembly processes. By examining potential
guidance cues expressed in the hindbrain,wehave also discovered that
chemokine signaling is required to direct basilar artery assembly. We
will report on these and other novel molecular mechanisms directing
the assembly of cranial vascular networks.
doi:10.1016/j.ydbio.2011.05.590
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